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Abstract
Background: The differential diagnosis between bac-
terial and viral meningitis is not easy in some cases.
Cerebrospinal fluid (CSF) analysis is essential for
establishing this diagnosis. The objectives were to
quantitate lactic acid (LA) concentrations in bacterial
and viral meningitis, and other central nervous sys-
tem (CNS) diseases in order to evaluate the diagnos-
tic utility of CSF LA for discriminating bacterial from
viral meningitis.
Methods: CSF LA was measured in 139 CSF samples
from seven groups: viral meningitis with classic CSF;
suspicion of viral meningitis with neutrophils in CSF;
bacterial meningitis; non-infectious neurological dis-
eases; chronic meningitis; traumatic lumbar puncture
(LP) and normal CSF.
Results: CSF LA was higher in bacterial meningitis
8.7q5.4 mmol/L compared with viral meningitis
(1.9q0.6) and the other groups (p-0.0001). CSF LA in
the groups with viral meningitis was not different
compared to groups with non-infectious CNS dis-
eases and chronic meningitis. The ability of CSF LA
to discriminate bacterial from viral meningitis showed
a sensitivity of 80% and specificity of 97%, positive
predictive value (PPV) of 94%, and negative predictive
value (NPV) of 89%.
Conclusions: CSF LA is a powerful test to discriminate
bacterial from viral meningitis with high sensitivity,
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specificity and predictive values. CSF LA can help in
the cases with diagnostic uncertainty.
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Introduction
The differential diagnosis between bacterial and viral
meningitis is crucial for treatment and prognosis and
the clinical presentation is not always clear. Bacterial
meningitis is a life-threatening disease with high mor-
tality and neurologic sequelae. However, it is a treat-
able disease and early antibacterial therapy is
essential for a good outcome. Viral meningitis usually
subsides spontaneously. The differential diagnosis is
normally based on cellular characteristics of cerebro-
spinal fluid (CSF), total white blood cells (WBC) count
and cell type, and biochemical characteristics, specif-
ically glucose (GL). In some cases the diagnosis is dif-
ficult. For example, partially treated bacterial
meningitis could present with different cell patterns
and the classic bacteriological diagnostic methods,
cultures and Gram stain smear usually are negative.
CSF characteristics can resemble viral meningitis in
immunosuppressed patients. Viral meningitis, espe-
cially enterovirus, can present with predominance of
neutrophils during the first 6 h of infection, with nor-
mal CSF glucose concentrations. CSF glucose is used
as the classic test to differentiate between bacterial
and viral meningitis. However, in some cases, blood
glucose is not available at the time that CSF is
obtained. CSF glucose is correlated with blood glu-
cose concentrations (1–4).
The etiology of acute infectious meningitis is bac-
terial or viral. After the first month of life, bacteria
responsible for 70%–90% of cases of acute bacterial
meningitis in most regions of the world are N. menin-
gitidis and S. pneumoniae (5, 6). The incidence of
infection by H. influenzae showed significant decline
following systematic vaccination. On the other hand,
viral meningitis is a global disease that can be spo-
radic or epidemic. Despite the low mortality rates,
these can have high morbidity (7). Non-polio entero-
viruses are responsible for the majority of cases of
viral meningitis, 50%–80%, especially, during the
summer.
CSF lactic acid (LA) is considered a good biomarker
for differentiating bacterial from viral meningitis at a
cut-off of 3.5 mmol/L (8–12).
The CSF LA concentration in LA is directly depend-
ent upon its production rate in the brain. There is sub-
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stantial evidence, in patients and animals, that blood
and CSF lactate concentrations are largely indepen-
dent of each other. Thus, intravenous infusion of LA
in dogs was sufficient to raise the blood concentration
6-fold, yet, failed to increase CSF concentrations (13).
This is important in clinical practice because it is not
necessary to collect matched plasma. CSF lactate con-
centrations are also useful for the diagnosis of post
surgical acute bacterial meningitis, where there is not
an increase in specific cells or proteins (2, 14).
The aims of this study were: to analyze LA concen-
trations in bacterial and viral meningitis compared to
other central nervous system (CNS) diseases with
infectious and non-infectious etiology; to calculate the
diagnostic characteristics of CSF LA for the differen-
tial diagnosis of acute bacterial and viral meningitis;
to determine CSF LA concentrations in cases with
suspect viral meningitis but with a predominant
increase in CSF neutrophils, and to determine the
influence of red blood cells (RBCs) in CSF, as a result
of traumatic lumbar puncture (LP), on CSF LA
concentrations.
Materials and methods
A prospective longitudinal study was conducted by the Clin-
ical Pathology Laboratory of the Hospital de Clı́nicas, Uni-
versidade Federal do Paraná (HC-UFPR). This study was
approved by the HC-UFPR Institutional Reviews Board.
All CSF samples were collected by LP. CSF and plasma LA
was determined, using the dimension AR machine (Dade
Behring, Deerfield, IL, USA).
CSF total protein (TP) was measured using a turbidimetric
method with sulphosalicylic acid. CSF glucose was meas-
ured using an enzymatic method. CSF total cell count
(WBCs) was performed using a Fuchs Rosenthal chamber. A
WBC count )4 cells/mm3 was considered to be increased.
For the differential cell count, CSF samples were concen-
trated by Shandon Cytospin (Pittsburgh, USA) and the slides
stained using the May Grünwald-Giemsa technique. A pre-
dominance of cells was considered when they were )50%.
A total of 139 CSF samples were studied. The mean (SD)
age was 21 years (20), with 53% males. The samples were
distributed into the following groups:
Group 1 (ns33): CSF samples with characteristics of viral
meningitis: increased numbers of WBCs with a predomi-
nance of lymphocytes and glucose )50 mg/dL
(=0.0555smmol/L). Polymerase chain reaction (PCR) for
enterovirus, herpes simplex virus (HSV)-1, HSV-2, citome-
galovirus (CMV), Epstein-Barr virus (EBV), varicella-zoster
virus (VZV), human herpes virus (HHV)-8, HHV-6A, HHV-6B,
HHV-7 (15) was performed in 15 samples. One sample was
positive for enterovirus.
Group 2 (ns8): CSF samples from patients with a clinical
suspicion of viral meningitis, with increased numbers of
WBCs, and a predominance of neutrophils and glucose
)50 mg/dL. PCR for the same viruses searched for in group
1 was performed on five samples; all were negative.
Group 3 (ns20): CSF samples with characteristics of
untreated acute bacterial meningitis: increased numbers of
WBCs with a predominance of neutrophils, glucose -50
mg/dL. Bacteria identified by Gram smear or culture: N.
meningitidis B (3 samples); N. meningitidis C (2 samples);
Streptococcus pneumoniae (2 samples); Enterobacter cloa-
cae (2 samples); Acinetobacter sp.; Enterococcus faecium; S.
aureus; Streptococcus D and not identified (7 samples).
Group 4 (ns4): CSF samples from patients with suspicion
of chronic meningitis, Mycobacterium tuberculosis (ns1);
fungus (2 cases with Cryptococcus neoformans and one case
with candida sp.).
Group 5 (ns17): CSF samples from patients with non-
infectious neurological diseases: mitochondrial disorders
(ns4); motor neuron disease (ns3); encephalopathy (ns2);
dementia (ns2); ataxia (ns2); paraparesis (ns1); myasthe-
nia (1); leukodystrophy (ns1); optic neuromyelitis (ns1).
Group 6 (ns42): control group; CSF samples from patients
with clinical suspicion of acute meningitis, but WBC count,
TP and glucose being normal. Bacteria were not isolated by
culture or Gram stain. Red blood cells (RBCs) meanqDP;
0.8q1.1; median 0.3.
Group 7 (ns15): CSF samples from patients with suspicion
of acute meningitis, and normal WBC count, TP and glucose.
However, there was a large number of RBCs in the CSF due
to traumatic LP. This group was included with the intention
of evaluating the interference effect of RBCs with determi-
nation of CSF lactate. RBCs meanqDP; 6105q17,372; medi-
an 355.
CSF biochemistry and cell characteristics of all groups
studied are shown in Table 1.
Statistical analysis
Continuous variables were compared using non-parametric
testing comparing all the five groups with the Kruskal-Wallis
test. The groups were compared, two by two, using the
Mann-Whitney test. A p-0.05 was used for statistical signif-
icance. The results were presented as mean (SD).
To evaluate the characteristics (16) of CSF LA quantitation
for the diagnosis of acute untreated bacterial meningitis and
viral meningitis, the following formulas were used: sensitiv-
ity: wTrP/(TrPqFN)x=100; specificity: wTN/(TNqFP)x=100;
positive predictive value (PPV): wTrP/(TrPqFP)x=100; nega-
tive predictive value (NPV): wTN/(TNqFN)x=100; detection
rate: TrP/total tested; Youden index: w(sensitivityqspecifici-
ty)–1x; error ratio: (FPqFN)/TrP; combined error: (FPqFN)/
total tested. wTrue positive (TrP); true negative (TN); false
positive (FP); false negative (FN)x. The CSF LA cut-off thres-
hold used was 3.5 mmol/L.
Results
CSF LA concentrations were higher in the group with
acute bacterial meningitis, mean (SD) w8.7 (5.4)
mmol/Lx, than in the groups with viral meningitis,
with normal CSF, non-infectious CNS diseases and
chronic meningitis w1.9 (0.6), 1.8 (0.6), 3.1 (3.7), 5.5
(2.8) mmol/L, respectivelyx, p-0.0001 (Table 2 and
Figure 1). CSF LA concentrations in the group with
chronic meningitis (group 4) was less, although not
statistically significant, than concentrations seen in
patients with acute bacterial meningitis (ps0.13). CSF
LA concentrations in the group with chronic menin-
gitis were higher, but not statistically significant, than
values seen in groups 1, 2, 5 and 6 (ps0.088, 0.124,
0.208, 0.080, respectively).
In five cases, LA was measured in CSF and blood
matched samples. For two cases from the group with
untreated bacterial meningitis, CSF LA was 9.0 and
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2.3 mmol/L and blood LA was 0.3 and 0.5 mmol/L,
respectively. For three cases from groups 5, 6, 7, CSF
LA was 2.4, 3.6 and 2.0 mmol/L and blood LA was 2.8,
1.7 and 1.1 mmol/L, respectively. CSF LA mean (SD)
was 3.9 (2.9) with a median of 2.4 mmol/L. This was
higher compared with blood where the mean (SD)
was 1.3 (1.0) and the median was 1.1 mmol/L. The
Spearman correlation coefficient (–0.2) indicated that
there was no correlation between CSF and blood LA
concentrations. CSF values were similar to values in
serum in cases where the CSF LA was low. In cases
of untreated bacterial meningitis, the CSF LA values
were 5–30 times higher than serum LA values, indi-
cating intrathecal LA production that was independ-
ent of blood.
In the group of patients with non-infectious neuro-
logical diseases (group 5), four patients had mito-
chondrial diseases; two with CSF LA values )3.5
mmol/L (4.3 and 6.6 mmol/L) and two had CSF LA
-3.5 mmol/L (1.8 and 2.2 mmol/L).
In order to evaluate the interference effect of RBCs
on measured CSF LA due to traumatic LP, we com-
pared the CSF LA values in group 6 and group 7. RBC
values from group 6, meanqDP; 0.8q1.1; median 0.3;
CSF LA was 1.8 (0.6) mmol/L. RBC values from group
7, meanqDP; 6105q17,372; median 355; CSF LA was
1.7 (0.5) mmol/L (ps0.1734) Table 2.
The diagnostic characteristics of CSF LA, using a
cut-off of 3.5 mmol/L, are shown in Table 3. Use of
CSF LA for discriminating bacterial meningitis from
viral meningitis, normal CSF, other non-infectious
CNS diseases and chronic meningitis showed a sen-
sitivity of 80% and a specificity of 93%. When com-
paring bacterial meningitis to viral meningitis (with
typical CSF characteristics) specificity increased to
97%. Comparing bacterial meningitis to suspected
viral meningitis (with neutrophils in the CSF), sensi-
tivity, specificity, and PPV were high, but NPV
decreased (67%).
Discussion
In this study, CSF LA concentrations were significant-
ly higher (4.6 times) in the group with bacterial men-
ingitis compared with the group with viral meningitis.
In the group with viral meningitis, CSF LA concentra-
tions were similar to the control group.
In the group with suspected viral meningitis but
with a predominance of neutrophils in the CSF, CSF
LA was 2.2 times higher than in the group with classic
viral meningitis, but lower than the group with untreat-
ed bacterial meningitis. CSF from patients with viral
meningitis can have a predominance of neutrophils
during the first 6 h of the disease, with CSF glucose
concentrations and the CSF/serum glucose ratio being
normal. This is more common among patients with
meningoencephalitis caused by enterovirus. CSF LA
showed lower concentrations in this group compared
to the group with bacterial meningitis. This suggests
that in those with viral meningitis, but with a predom-
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Table 2 CSF lactic acid (mmol/L) concentration in the groups studied.
Groups CSF lactic acid, mmol/L
Mean "SD Median
Viral meningitis 1.9 0.6 1.9
Viral meningitis with neutrophils 2.5 0.4 2.4
Acute bacterial meningitis 8.7 5.4 7.3
Chronic meningitis 5.5 2.8 5.0
Non-infectious neurologic diseases 3.1 3.7 1.9
Normal 1.8 0.6 1.7
CSF with traumatic LP 1.7 0.5 1.5
LP, lumbar puncture; SD, standard deviation.
Figure 1 CSF lactic acid (mmol/L) concentration in the stud-
ied groups (results median"interquartiles).
Table 3 Diagnostic characteristics of CSF lactate for differential diagnosis of acute bacterial meningitis (LA limit of 3.5
mmol/L).
Viral meningitis Bacterial meningitis Bacterial Bacterial compared
compared with compared with compared with with viral meningitis
groups 3, 4, 5, 6 groups 1, 4, 5, 6 viral meningitis with neutrophils
Total tested 116 116 53 28
TrP 32 16 16 16
Sensitivity, % 96.96 80 80 80
Specificity, % 26.5 92.71 96.96 100
PPV, % 34.4 69.57 94.12 100
NPV, % 95.65 95.70 88.89 66.67
Efficiency, % 46.55 90.52 90.57 85.71
Detection rate, % 27.59 14 30 57.14
Youden index 0.23 0.73 0.77 0.8
Error ratio 1.94 0.69 0.31 0.25
Combined error 0.53 0.09 0.09 0.14
TrP, true positives; PPV, positive predictive value; NPV, negative predictive value.
inance of neutrophils, CSF LA can help discriminate
viral meningitis from acute bacterial meningitis.
Non-polio enteroviruses are the main etiologic
agent for viral meningitis. Among the enterovirus
group, there is an important division into the Picor-
naviridae family: Echovirus, Poliovirus and the Cox-
sackievirus of the groups A and B. Enterovirus
numbers 70 and 71, which show a strong neurotro-
pism, are associated with meningoencephalitis, polio-
like paralytic syndromes, Guillain Barré Syndrome
and meningitis. Coxsackievirus sub-group B is
responsible for 60% of meningitis among children
-3 years of age (7, 17). Herpes family viruses are
responsible for 4% of meningitis cases. Meningitis is
more frequently caused by HSV-2, HSV-1, 2 and EBV,
and is associated with recurrent lymphocytic menin-
gitis (7, 18). Almost 5%–10% of HIV positive patients
have meningitis which can occur during any phase of
the infection; although occurring more frequently dur-
ing seroconversion.
Most efforts have tried to establish tests that dis-
criminate bacterial meningitis from viral meningitis.
This is because bacterial meningitis is a life-threat-
ening disease and has a much poorer prognosis com-
pared with viral meningitis. Since bacterial meningitis
can be cured successfully in the early phase of the
disease, tests are needed to diagnose bacterial men-
ingitis accurately and reliable with high-sensitivity
and specificity (12). Lactate concentrations are partic-
ularly important when the CSF Gram stain is negative
and there is a predominance of polymorphonuclear
cells and low CSF glucose concentrations (2, 14).
There has been interest in the diagnostic value of
increased CSF lactate for the identification of bacterial
meningitis and partially treated bacterial meningitis.
This is in contrast to the usual findings of normal lac-
tate concentrations in viral meningitis (19–27). CSF
lactate concentrations are also increased in fungal
meningitis. In partially treated meningitis, intermedi-
ate lactate concentrations have been reported. The
decrease in lactate has been considered indicative of
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effective medication and resolution of infection (28,
29). Infectious chronic meningitis can be seen in con-
junction with tuberculosis, syphilis, fungus (mainly C.
neoformans), cysticercosis, and histoplasmosis (30).
Some investigators describe overlapping CSF lactate
concentrations in viral, partially treated bacterial men-
ingitis and tuberculosis meningitis. This limits the val-
ue of the marker for differentiating these disorders
(21). In our study, CSF lactate was higher in acute
untreated bacterial meningitis compared with men-
ingitis, although the difference was not statistically
significant. These findings should be confirmed due
to the small number of samples from patients with
chronic meningitis.
The occurrence of increased CSF lactate concentra-
tions have also been described in acute cerebral
infarction, reflecting tissue acidosis and increased
anaerobic glycolysis (31). Elevated lactate has also
been reported in cerebral hemorrhage (32). Another
issue we studied was whether the presence of RBCs
in the CSF, as result of a traumatic LP, could interfere
with CSF lactate concentrations. We found no differ-
ence between this groups and control patients.
The non-significant Spearman correlation coeffi-
cient in the matched CSF and blood samples suggests
that there is no correlation between CSF and blood
LA. In cases with low CSF LA, the values are similar
to values in serum. In the cases with untreated bac-
terial meningitis, the CSF LA values are 5–30 times
higher than that seen in serum. The higher values of
LA in CSF compared with paired blood samples,
found in this study, indicate independent intrathecal
production. The concentration of LA in brain is
dependent directly upon its rate of production. There
is evidence, from patients and animal studies, that
blood and CSF lactate concentrations are largely inde-
pendent of each other (13, 33). This is a very impor-
tant characteristic of LA and offers an advantage over
CSF glucose determination since CSF glucose is relat-
ed to blood glucose.
The normal range for lumbar CSF lactate is usually
reported as being between 10 and 20 mg/dL
(1.1–2.2 mEq or mmol/L). Most patients with bacterial
meningitis have concentrations above 3.5 mmol/L,
with some values )11 mmol/L (100 mg/dL) (13,
20–22, 31).
Increased CSF lactate is associated with low CSF
glucose concentrations. While a moderate increase in
lactate is often observed with normal CSF glucose,
the occurrence of a very low CSF glucose concentra-
tion is usually associated with a substantial increase
in lactate concentrations. This is indicative of
increased anaerobic glycolysis by the adjacent cere-
bral tissue, or by cellular infiltrates in the leptome-
ninges (1).
The measurement of CSF lactate has been consid-
ered by some investigators to be clinically useful in
the differential diagnosis of the disorders associated
with low CSF glucose concentrations, and as a guide
to the response to therapy (34).
The blood brain barrier (BBB) shows low permea-
bility to the diffusion of lactate ions. At normal pH,
lactate is almost completely dissociated. The penetra-
tion of acid radicals of metabolic origin through the
BBB is dependent on the characteristics of the
exchange mechanisms (35).
In this study that compared patients with viral men-
ingitis to the other groups (non-infectious CNS dis-
eases, CSF normal, chronic meningitis and untreated
bacterial meningitis), CSF lactate specificity and PPV
were low. Although, when we compare only the two
groups with acute meningitis, bacterial and viral, the
sensitivity and specificity of CSF lactate for discrimi-
nating acute bacterial meningitis from viral meningitis
is similar to results from previous studies. The PPV
and NPV are also high.
A laboratory test that is easy to perform with high-
sensitivity is needed to identify patients with bacterial
meningitis upon admission. Delayed treatment of
false negative cases may be fatal. However, high
specificity is desired to exclude expensive treatment
of false positive cases (8). Previous studies have
shown CSF lactate to have the highest sensitivity
(89%–100%) and specificity (96%–100%) for discrimi-
nating acute untreated bacterial meningitis from viral
meningitis, when the threshold limit was set at
3.5 mmol/L (36, 37). This limit proved to also be rel-
evant for tuberculosis (38), Listeria monocytogenes
(39) and fungal meningitis (40). A higher discrimina-
tion limit of )5.0 mmol/L diminished diagnostic sen-
sitivity, while a lower limit of 2.8 mmol/L decreased
diagnostic specificity and did not allow to distinguish
viral meningitis from controls (12).
CSF glucose is considered by clinicians to be a
good marker to discriminate acute bacterial menin-
gitis from viral meningitis. However, some authors
reported low-sensitivity (around 50%) and high spec-
ificity with CSF glucose (36, 37, 41). Because CSF glu-
cose concentrations are dependent on blood glucose
concentrations, blood must be collected at the same
time as CSF. In contrast, CSF lactate concentrations
are independent of blood concentrations (1). Thus,
hyperglycemia and hypoglycemia may impair the
CSF/blood glucose ratio, which exhibited 70%–91%
sensitivity and 84%–99% specificity at a limit of -0.4
(36, 37).
Some authors suggest that despite the high-sensi-
tivity and PPV of CSF lactate concentrations for the
diagnosis of bacterial meningitis, results are generally
non-specific and provide little additional diagnostic
information. There is substantial evidence that when-
ever cerebral glycolysis is increased due to causes
such as anaerobic glycolysis, hypoxia, ischemia, sei-
zures or meningitis (42), lactate and pyruvate concen-
trations in brain and CSF and the lactate-to-pyruvate
ratio are increased. However, measurement of CSF
lactate concentrations was found to be superior to the
ratio of CSF to blood glucose for the diagnosis of
bacterial meningitis in postoperative neurological
patients (9, 43). In partially treated bacterial menin-
gitis, CSF lactate at a decision limit of )3.2 mmol/L
classified 88% of treated bacterial meningitis patients
with 83% sensitivity and 91% specificity (12) at a deci-
sion limit of )3.5 mmol/L, CSF lactate sensitivity
decreased to 72% (36).
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In conclusion, CSF LA can be used as a routine test
in laboratories. It is fast, automatized and easy to per-
form. It is a useful test for discriminating bacterial
from viral meningitis with high sensitivity, specificity
and predictive value. CSF LA can be helpful even in
cases that cause diagnostic confusion, such as CSF
samples suspect for viral meningitis, but with a pre-
dominance of neutrophils and normal glucose. Fur-
ther work is needed in this area.
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